Objectives-To study the prevalence of byssinosis and other respiratory abnormalities in workers exposed to cotton dust in Guangzhou in two factories that processed purely cotton. Methods-All the 1320 workers exposed were included. The 
Although the prevalence of byssinotic symptoms has been declining in developed countries, a review by Parikh shows that the prevalence in developing countries is still high.1 Varying effects can occur after exposure to cotton dust.2 There are no universally accepted diagnostic criteria for byssinosis. The methods of cotton dust sampling and the allowable dust concentrations also vary in different countries.
China is one of the biggest countries for cotton production and consumption. In 1986, byssinosis was declared in law as an occupational disease. The exposure limit for cotton dust is based on total dust and is 3 mg/m.3 In Guangzhou the cotton textile industry is important. In a 1969 study in a hemp or flax bag factory only total dust was measured and the concentrations ranged from 4 mg/mi to 43 mg/mi; no case of byssinosis was reported (report not published). In 1985, a study of a cotton factory showed that the inhalable dust ranged from 0-2 mg/mi to 9-6 mg/m3 and the prevalence of byssinosis was 9.9%. 3 Because of the problems in study design, methods, and small sample size, the results of the two studies were very different and could not represent the situation in Guangzhou.
The objectives of this study were to measure the dust concentrations in cotton spinning factories, to measure the prevalence of byssinosis and other respiratory abnormalities (including lung function), and to study the relation between respiratory abnormalities and exposures to cotton dust.
Materials and methods

FACTORIES AND SUBJECTS
In 1989, there were two factories in Guangzhou that processed purely cotton fibres. About 60% of the raw cotton was from China and the cotton bolls were hand picked. The rest was imported mainly from the United States, Pakistan, and India. The grades of cotton used were therefore variable.
The products were mainly cotton yarn and jean. All the 1320 workers who were exposed only to cotton dust in these two factories were included. This was achieved by special effort in tracing the few absentees. Other factories and workers in Guangzhou who were exposed to flax, hemp, or synthetic fibres were excluded.
The controls were 1306 workers who assembled machinery, storage workers from other industries, and teachers (mostly women, 120 of them were included) from a middle school. They were selected because they had similar work and socioeconomic conditions and they had no occupational history of exposure to dusts or other toxic substances. The teachers were included to increase the proportion of women in the controls.
MEASUREMENT OF DUST Inhalable dusts were sampled by American vertical elutriator (model GMW-4000) and American filters. Total dusts were sampled by Chinese total dust sampler (model FC-2) and Chinese filters. Calibration was carried out before measurements. The samplers were placed 155-160 cm above the floor to be at a suitable level for the average height of the subjects. A specific work site was sampled between two and seven times according to standard procedures. Because a worker could have worked at different locations with different dust concentrations, cumulative dust exposure is calculated by: k I Yj X Ci where Yi = number of years of exposure at location i, Ci = median dust concentration at location i, and i = location 1,2, . . . k.
Because of lack of data of past dust concentrations, the median dust concentration of the current location was used to represent past concentration.
Analysis of free silica content was carried out for the dusts sampled. All subjects had their height measured without shoes and had a physical examination by physicians who paid special attention to respiratory and circulatory systems. A random sample of 602 cotton workers had chest x ray examinations.
All the members of the research team (including technicians for dust sampling and measurements, interviewers, physicians for lung function tests and physical examination) received training and a pilot test was carried out in another factory to standardise the methods before the main field work.
DATA ANALYSIS
All the data were coded, checked, and entered into the computer and then further checked before data analysis. The computer software used were SPSS-PC and Epi-info 5. The statistical procedures used included t test, x.2 X2 test for trend, and relative risks (defined as the ratio of two prevalences) and 95% confidence intervals (95% CIs), and attributable risks (defined as the difference between two prevalences), were calculated by comparing cotton workers with controls. Pooled relative risk for stratified analysis was calculated by MantelHaenszel's method.6 SMOKING A smoker was defined as one who smoked at least one cigarette a day for at least one year. There was only one woman in the control group who smoked and she was excluded. All women included were non-smokers. Because there were only a few ex-smokers, they were analysed as non-smokers. DIAGNOSTIC Results Table 1 shows that in the cotton workers there were more women than in the controls. The cotton workers were younger and had a shorter duration of work but were of the same height. The prevalence of smoking in the men Table 2 shows the dust concentrations of the work sites of the cotton factories and the controls. The median concentrations of inhalable dust of the cotton factories ranged from 0-41 mg/m3 to 1-51 mg/M3. The highest concentrations were found in the carding sites. The exposure limit of 0-2 mg/M3 recommended by WHO was exceeded in all the work sites.4 The median concentrations of total dust ranged from 3 04 mg/M3 to 12-32 mg/M3 and they were higher than the newly established maximum allowable concentration of 3 mg/M3 for cotton (total) dust in China. The highest concentrations were found in coarse spinning sites. The free silica Table 4 Prevalence, relative risks, and attributable risks of respiratory abnormalities in cotton workers and controls content in the cotton dust ranged from 0 15% to 4-8%. All the measurements were much lower at the worksites of the controls. Table 3 shows the prevalence of respiratory abnormalities by work processes. The highest prevalence of typical Monday symptoms and byssinosis was found in the carding sites (14-0%). The opening and blowing sites had the highest prevalence of FEVy fall of >5% after a shift, FEV, <80% predicted, cough or phlegm, and chronic bronchitis. Table 4 shows a comparison between all cotton workers and controls. All the relative risks were greater than unity except for FEVy <80% predicted. Typical Monday symptoms were found in 1 19 cotton workers and in four women controls and the attributable risk was 97%. The attributable risk was the lowest for COAD (18%), which showed that exposure to cotton dust could only account for a small excess in the prevalence of COAD.
No fibrosis or nodules were seen on any chest x ray films in either group. There was no case of abnormalities of grade 1/0 or above according to the International Labour Office (ILO) classification (1980). Table 5 shows that the prevalence of respiratory abnormalities significantly increased with increasing age, duration of work, and cumulative inhalable dust exposure, with the most notable exception of FEV, <80% predicted. For typical Monday symptoms, the linear trend was significant only for cumulative inhalable dust. Similar analysis was carried out for current total dust, inhalable dust, and cumulative total dust concentrations, but no linear trends were found (results not shown). Table 6 shows the prevalence of respiratory problems by sex and by smoking. The pooled relative risks for cotton exposure were adjusted for sex and smoking. All the pooled relative risks were raised (greater than unity) for cotton exposures, with the exception of predicted FEV1 <80%. Less cotton workers had FEVy below the predicted values than controls (mainly in men smokers and women).
In the cotton workers, women had a higher prevalence of typical Monday symptoms (10-4%) than men (smokers 5X2% and nonsmokers 4-5%), but less COAD. In the control men, smokers had a higher prevalence of COAD (8 8%) than non-smokers (1-9%); the relative risk for smoking was 4X52 (95% CI 1 37-14-84). In the male cotton workers, more non-smokers (6&4%) had an FEVI fall of >10% after a shift than smokers (1-3%); the relative risk was 0-21 (95% CI 0 05-078), possibly due to a survivor effect of smokers in the cotton factories. The other differences between smokers and non-smokers were not significant. No significant differences were found in the age of smokers and non-smokers for all men (mean (SD) age 34-8 (8&9) years and 34-2 (9 7) years, respectively) and for male cotton workers (smokers 33-1 ( 8 7) years, non-smokers 33-6 (9 8) years).
Discussion
This is the first major study on byssinosis in Guangzhou. All the workers exposed to cotton dust (but not dusts from other natural or synthetic fibres) in the spinning mills were included and compared with workers not exposed to cotton dust. The dust concentrations in the factories were high: the total dust concentrations were often higher than the exposure limit of 3 mg/M3 in China and the inhalable dust concentrations often higher than the WHO recommended exposure limit of 0-2 mg/M3. The median inhalable dust concentrations of 0-41-1-51 mg/M3 in our study were very similar to the medians of 0-45 mg/m3 to 1-52 mg/M3 in the factories in Shanghai. The prevalence of typical Monday symptoms of 9 0% was slightly higher than the prevalence of 7-6% in Shanghai.7 Also similar to the finding of greater falls in FEVy within a shift in cotton workers compared with silk workers in the Shanghai study, our study found a significant reduction in FEVy in cotton workers compared with controls.8 Both the present and the Shanghai studies found that duration of exposure was associated with acute decrements in FEV,.
In China, the diagnosis of byssinosis based only on typical Monday symptoms is not widely accepted, especially when it involves compensation. A fall in FEVy of 10% after a shift has been proposed as an additional criterion. If this were accepted, however, there would be only six cases of byssinosis with a prevalence of 0A46% in our study. Hence, a small fall of 5% was adopted to define byssinosis in our study and the prevalence was low, only 1-7%.
It is also interesting to note that typical Monday symptoms were found in four women in the control group. Early studies on byssinosis did not include controls and it was assumed that all the typical Monday symptoms were attributed to cotton exposure. In the present study, only 97% could be attributed to cotton exposure. When a fall in FEV, after a shift was included, the attributable risk became 100% but the criteria were probably too strict resulting in a prevalence that was too low.
As for other respiratory abnormalities, a comparison with controls, after adjustment for sex and smoking, shows that exposure to cotton dust was significantly associated with a fall in FEVy after a shift, cough or phlegm, and chronic bronchitis. The exception of FEV, <80% predicted may be explained by a survivor effect (or healthy worker effect) because of the factory policy of removing workers who had low tolerance to cotton exposure. The relative risks, estimated in a cross sectional study like ours, would tend to underestimate the chronic effect of cotton exposure.
In the cotton workers, the results on exposure to cumulative inhalable dust also support the hypothesis that exposure to cotton dust was responsible for a fall in FEV1 after the shift, cough or phlegm, chronic bronchitis, and COAD.
In China, it was considered that working in the cotton textile industry caused varying degrees of interstitial fibrotic changes seen on chest radiographs mainly as reticular opacities. 9 Lu et al found that cotton dust induced non-specific abnormalities in chest radiographs in some workers. 9 Liu also found more chest radiographic abnormalities in cotton workers than controls.'0 In our study, no chest x ray film abnormalities were found in the cotton workers and our results confirmed that chest radiographs are not necessary for the diagnosis of byssinosis. " To conclude, our study showed that the dust concentrations and prevalence of respiratory problems were high in the cotton spinning industry in Guangzhou. In the diagnosis of byssinosis, a fall in FEV, after a shift should be taken into account although to include it as a necessary criterion would result in a very low prevalence. The results also suggest that exposure to cumulative inhalable cotton dust is likely to be a cause of byssinotic symptoms, acute lung function decrements, cough or phlegm, and chronic bronchitis. Further follow up studies are needed to clarify the long term effects of cotton exposure and the subjects in our study will form a cohort for such a study.
An international workshop on byssinosis was held in Guangzhou in December 1993 and researchers from China met to discuss the current situation of byssinosis in China and recommendations for prevention and future research. 12
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